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Sera from rabbits which were injected with a lyophilized antigen
of whole Cysticercus fasclolarls worms were tested for antibodies
using the microprecipitin, agar double diffusion, Immunoelectrophoresis
and indirect hemagglutination tests. Each test gave a positive reac¬
tion for antibodies; however, the Indirect hemmagglutinatlon test
appeared to be more sensitive in that the titer was higher than the
others. These antisera were used in performing immunohistochemical
studies which consisted of the indirect fluorescent antibody (IFA)
technique and the horseradish peroxidase (HRP) method. The pattern
and intensity of staining obtained with the IFA technique and the HRP
technique were compared. It was observed that the HRP technique pro¬
duced specific positive reactions at a higher titer than the IFA. An
advantage of this technique as compared to the IFA technique is that
it could be readily evaluated with a conventional microscope. It is
suggested that the HRP technique should provide a satisfactory alter¬
native to the IFA in the diagnosis of cysticercosls.
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Immunohistocheinical studies on helminth infections have been
reported by Sadun, Anderson and Williams (1960), Anderson et al
(1961), Sadun (1963), Kagan, Sulzer and Carver (1965), and Ambroise
(1969). These studies have largely employed the Indirect fluores¬
cent antibody (IFA) technique and were primarily concerned with
the diagnosis of schistosomiasis. Few studies have been concerned
with the immunohistochemistry of cestodes of man and domestic ani¬
mals. Coleman (1962) conducted studies on the binding sites of
Hymenolepls nana by direct and indirect immunofluorescent staining
techniques, and Duwe (1967) localized antigens of Moniezia expanse
using the indirect fluorescent antibody technique.
The immunoperoxidase technique (Nakane and Pierce, 1966, 1967;
Averameas, 1969) has been widely used to localize antigens in auto¬
immune, viral and bacterial diseases both with light and electron
microscopy. Davey and Busch (1970), Johnson, Webb and Smith (1971)
reported that horseradish peroxidase (HRP) is reliable in routine
tests and can serve as an alternative to Immunofluorescence. This
technique is increasingly being applied in the localization of anti¬
gens and antibodies in histochemical and cytochemical studies on
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helminths due to its sensitivity, simplicity, and other favorable
conditions. Deelder and Streefkerk (1975) reported that the HRP
method gave specific positive reactions at higher serum dilutions
than the IFA in the diagnosis of schistosomiasis. Kemp, Damian and
Greene (1976) have recently reported on the immunocytochemical lo¬
calization of IgG on adult Schistosoma mansoni tegumental surfaces
using the immunohlstoperoxidase method. To our knowledge, there
have been no studies along this line involving cestodes and more
specifically larval cestodes such as Cysticercus fasciolarls.
Since man and domestic animals invariably become infected with the
cysticercus stage, which is the more deleterious form of cestode
life cycles, the present study was undertaken to compare the rela¬
tive sensitivities of the IFA and HRP techniques in the detection
of antibodies against Cysticercus fasciolarls. It is suggested
that the HRP procedure could serve as an alternative method in the
diagnosis of cysticercosis.
TABLE 1. Some reported serological reactions with cestodes












Echinococcus scolex antigen Bentonite Norman, Sadun, and

















Precipitin ring Biagl (1958)
TABLE I (CONTINUED)
CESTODE ANTIGEN(S) SEROLOGICAL TEST AUTHOR(S)
Hymenolepis nana
var. fraterna




H. nana egg, cysticercoid. In vitro Heyneman and Welsh
and adult stages precipitin (1959)
H. nana saline extract Agar gel diffusion Coleman and Fotorny
(1961)
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Bullock and Curtis (1920) successfully Infected rats with
Cystlcercus fasclolarls by feeding them with cat feces containing
the eggs of Hydatigera taeniaeformis. Many of the animals devel¬
oped sarcoma of the liver which was associated with the presence
of the parasites. The observation that the cyst which enclosed
the larvae was the place of origin of cystlcercus tumor was sig¬
nificant .
Bullock and Curtis (1924) studied the relationship of the in¬
fection of Taenia crassicollis larvae in liver to the histogenesis
of cystlcercus sarcoma. It was observed that the development of
the larvae was associated with the sarcoma.
Miller and Dawley (1928) performed precipitin tests on serum
which was obtained from a rat that was heavily infected with Cysti-
cercus fasclolarls. In two series of twelve tubes each, which were
set up with diluted antigen and diluted antisera, these investiga¬
tors were unable to demonstrate precipitin formation.
Miller (1931a) observed that rats with cysts which were a few
to many days old developed acquired immunity in that they were re¬
sistant to a challenge dose of onchospheres. He further observed
that those rats with naturally acquired immunity were more resistant
to a challenge dose of onchospheres than those which were artificially
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immunized with Cysticercus fasciolaris antigens.
Miller (1931b) demonstrated that protective antibodies were
produced in albino rats which were artificially Immunized with fresh
or powdered worm matrrial of the larvae and adults of Taenia taeniae
formis. When these rats were infected with a challenge dose of on-
chospheres, more larvae were observed in the controls than in the im¬
munized rats.
Miller and Gardiner (1932) reported that sera from infected rats
were more effective than sera from immunized rats in preventing the
development of fasciolaris in the liver. They observed that in
rats which were given adequate amounts of Immune sera ten days or
more after the infection, cysts failed to develop.
Miller and Massie (1932) observed a high level of Immunity long
after the removal or loss of Cysticercus fasciolarls infections.
Therefore, the development of cysticerci was completely inhibited in
albino rats from which the parasites of an initial infection had been
removed.
Miller and Gardiner (1934) passively transferred immune sera from
rats which were Infected with fasciolarls for at least ten days to
uninfected rats. They observed that these animals were protected
against a challenge dose of onchospheres and were therefore passively
immunized.
Miller (1935) immunized rats with powdered antigens from DiphyHo¬
bo thium latum. Taenia saginata, Hymenolepis sp. and Diphylidium sp.
and infected them with a challenge dose of C^. fasciolarls infections.
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However, when living pisiformis worms were introduced into the
peritoneal cavity, a high level of protection against Cysticercus
fasciolaris infection was observed.
Miller (1935) reported that protective immunity may be passively
transferred from pregnant female rats infected with fasciolaris
to their offspring. The young of the immune and the control rats
were infected at various intervals with onchospheres. The protection
that was conferred to the offspring from infected mothers was more
effective than that acquired by active immunization.
Campbell (1936) artificially immunized albino rats with poly¬
saccharide and protein fractions of worm material. It was observed
that albuminoids and polysaccharide fractions produced a significant
degree of resistance while little or no protection was provided by
albumins and metaproteins against challenge doses of onchospheres.
Campbell (1938a,b,c) performed a series of experiments to demon¬
strate the presence of humoral protective antibodies which were res¬
ponsible for the establishment of passive immunity in rats. Campbell
(1938a) demonstrated that the formation of humoral protective anti¬
bodies in rats infected with crassicollis tended to parallel the
degree of infection. He observed that rats which received sera from
other rats which had been infected for fourteen, twenty, twenty-one,
and twenty-eight days were completely protected against a challenge
Infection. Very little or no passive immunity could be induced with
serum from rats with a light infection. He also reported that after
twenty-eight days, both sera from heavily and lightly infected animals
had approximately the same degree of protection.
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Campbell (1938b) artificially immunized and infected rats and
rabbits with Cysticercus fasciolaris and pisiformis respectively
to determine if protective antibodies could be removed by adsorption
with whole worm material. He observed that specific protective anti¬
bodies were completely absorbed from serum of either artifically im¬
munized or Infected animals when the serum was secured two weeks after
infection, but the protective property was not removed from the serum
of infected animals obtained four weeks after infection. It was sug¬
gested that an early and late immunity was found during the course of
infection which was stimulated by antigens released from growing lar¬
vae. Campbell (1938c) observed that absorption reduced the prophylac¬
tic power of immune serum to destroy the parasite before encystment.
It was also observed that both the unabsorbable property and the late
Immunity mechanism were found only in Infected animals.
Many types of serological tests have been performed by various in¬
vestigators, Table 1. Wilhelmi (1940) performed the precipitin ring
test in order to determine species specificity and the interrelation¬
ships between trematode and cestode life cycle stages. He used lyo-
philized-dellpidized antigens suspended in physiological saline to
immunize rabbits. He observed that the antigens of the adult cestode
Taenia taeniaeformis were not serologically distinct in that cross
reactions were obtained between these stages. He also reported that
high-titered heterologous reactions between the cestode Moniezia
expansa and Diphylldium caninum indicated a close relationship be¬
tween those two species; however, because of the low-titered het¬
erologous reactions of these two species with Taenia taeniaeformis
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he suggested that these forms were not closely related.
Greenfield (1941) reported that twenty-five-day-old rats were
more susceptible to fasciolaris than rats which were infected on
the day of birth. The latter showed no indication of cysts in the
liver after being infected with taeniaeformis onchospheres.
Chen (1950) reported that Immune serum from rats infected four
weeks with fasciolaris passively protected other rats from heavy
infections of the parasite. He also observed that precipitates
failed to form around onchospheres when they were incubated in immune
sera.
Kraut (1956) studied electrophoretic patterns of sera from rats
infected with and artificially immunized against fasciolaris. He
observed that an increase in albumin was Indicative of impaired liver
function and an Increase in beta-globulin was due to the beginning of
the proliferation of the parasite.
Coons and Kaplan (1950) used the Indirect fluorescent antibody
(IFA) technique to localize antibodies that specifically combined
with components of cell nuclei in the serum of patients with systemic
lupus erythematous. They treated tissue sections with the patient's
serum followed by staining with antibody against human gamma-globulin
congugated with fluorescein isothiocyanate. There was fluorescence
within the nuclei, which indicated a positive reaction. They suggested
that the technique was sensitive and specific.
Sadun, Anderson, and Williams (1960) were the first to apply the
indirect fluorescent antibody technique to the diagnosis of helminth
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diseases. They were concerned with the diagnosis of schistosomiasis.
They used the blood smears of patients who were infected with the para¬
site against cercariae which were used as antigens. Sadun (1963),
reported that the IFA technique was of great importance in the diagno¬
sis of helminth infections because of its sensitivity and its speci¬
ficity in the detection of antigen-antibody reaction.
Kagan, Sulzer and Carver (1965), used the IFA test in the diagno¬
sis of schistosomiasis in human beings and employed living cercariae
as the antigen. This was evaluated with serveral batteries of antisera
which were drawn from patients with the disease. It was observed that
the IFA test showed a sensitivity of at least 81 percent However,
the test was reported to be less specific in that 32 to 40 percent of
the negative group showed a positive reaction.
Ambroise (1969), used antigens of frozen sections of Schistosoma
mansoni to study the direct and the Indirect fluorescent antibody
techniques. The antisera were obtained from patients with schistosomia¬
sis. He compared both techniques and reported that the indirect method
was more advantageous since it was relatively more practical. He also
suggested that because external structures of the parasite were more
antigenic, they fluoresced brightly while the internal organs showed
little fluorescence.
Coleman and Fotorny (1962), made observations on the binding sites
of Hymenolepis nana by the use of direct and indirect immunofluore-
scent techniques. Whole worms of the parasite were used as the
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antigen. They demonstrated a high degree of fluorescence in the
reproductive organs with both tests.
Duwe (1967) localized antigens of Moniezia expanse with the IFA
test. He used sections of the scolex, mature and gravid proglottids.
These sections were treated with antisera from artificially infected
rabbits. Fluorescence was reported in the tegument of the scolex
and mature proglottids but not in the tegument of the gravid pro¬
glottids. From his observations, he suggested that the tegument and
the embryophore were always antigenic with the crude supernatant fluid.
Leid and Williams (1974) used the agar-gel precipitin technique
to demonstrate the presence of precipitating antibodies in rats in¬
fected with the fasciolaris. The antibodies were first detected
during the fifth week after which they declined. A second dose of the
infection increased the level of circulating antibodies. It was ob¬
served that the offspring of heavily immunized female rats did not
develop passive immunity. They obtained cross reactions with other
Taeniid parasite extracts, but not with the trematodes Schisto¬
soma mansoni and Fasciola hepatica.
Nakane and Pierce (1966), reported that horseradish peroxidase
coupled to antibody gave stable conjugates which retained immunological
reactivity. They demonstrated that, the direct technique was success¬
ful; but observed that it was more practical to use the indirect method
similar to the IFA test. In tissues treated with the peroxidase con¬
jugate, the sites of uptake were visualized by simple histochemlcal
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procedure. Peroxidase catalyzed the oxidation by hydrogen peroxide
and produced a highly colored insoluble reaction product. It was
suggested that the horseradish peroxidase method was as sensitive
as the IFA test. The method was just as specific as the IFA technique.
Averameas (1969), coupled enzymes to proteins with glutoraldehyde.
He conjugated peroxidase, glucose oxidase, tyrosinase, and alkaline
phosphatase to human immunoglobulin - G(IgG), human serum albumin
Sheep antibody and rabbit antibody were also conjugated with glutaral-
dehyde. He observed that the conjugates retained a substantial part
of their immunological and enz3miatic activity. These conjugates
were utilized for the intracellular detection of antigens and anti¬
bodies. He also tested IgG with spleen cells obtained from a
hyperimmunized rabbit in order to compare the sensitivity of horse¬
radish peroxidase method and fluorescent antibody techniques. Re¬
lative number of cells counted with the peroxidas labeled antibody.
It was suggested that the horseradish peroxidase method was more
sensitive than the fluorescein labeled antibody technique.
Deelder and Streefkerk (1975) reported on the immunohlstoperoxi-
dase procedure in defined antigen substrate spheres (DASS). In the
DASS system, sepharose 4B beads were activated with cyanogen bromide
(CNBr). Schistosoma mansoni antigen was bound to the beads and was sub¬
sequently deactivated before used in the clinical diagnosis of schisto¬
somiasis. Sera of Individuals with Schistosoma mansoni infections were
examined with the DASS system, using peroxidase-labeled antibodies. The
results were compared with those of the indirect fluorescent antibody technqiue
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on frozen sections of the parasite. They reported that the DASS
system which was conjugated with horseadish peroxidase gave specific
positive reactions at higher serum dilutions than the indirect fluo¬
rescent antibody technique. The results of the test could also be
readily observed with the naked eye.
Kemp, Damian and Green (1976), reported on the immunocytochemlcal
localization of host baboon IgG on adult Schistosoma mansoni using
the horseradish peroxidase technique. They incubated schistosomes
obtained from baboon host in peroxidase-labeled rabbit anti-baboon
IgG. It was observed that pronounced positive reactions occured all
over the tegumental surfaces of adult mansoni recovered from the
baboon. The dorsal surface of the male parasite reacted most positively.
The reaction in the male gynecophoric canal and on the female surface
was somewhat reduced. It was observed that in all cases, the baboon
IgG appeared to be intimately associated with the parasite's tegu¬
mental plasma membrane. The horseradish peroxidase method was re¬




Male and female Long-Evans rats, 20 days old, were infected
with Hydatigera taeniaeformis onchospheres through a stomach tube
attached to a 3 cc syringe. Cats were used for maintaining the
source of the parasites. Gravid proglottids were obtained from
fecal droppings from the cats and were washed in several changes
of 0.85% physiological saline. The proglottids were macerated
with a mortar and pestle in order to free the onchospheres. The
macerated material was diluted with physiological saline and was
used for Infecting the rats.
Rats were killed at Intervals from 6-10 weeks after infection.
Cysts were dissected intact from infected livers, washed in cold
0.85% physiological saline, and strobllocerci were liberated by
gently rupturing the cyst walls with fine scissors. The worms
were washed in three changes of physiological saline, lyophilized,
and stored at -20°C until ready for use for the preparation of
the antigen.
Antigen for the inoculation of rabbits was prepared by homo¬
genizing 80 mg of lyophilized worm-powder material suspended in
1.5 ml phosphate-buffered saline and equal amounts of Freund's
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complete adjuvant. Three rabbits were injected intraperitoneally
three times a week on alternate days for two weeks. Each injection
consisted of 3 ml amounts of the antigen. The three rabbits re¬
ceived booster injections during the 9th week and were bled 2 weeks
after the last injection. A fourth animal served as the control.
This was similarly injected with adjuvant and physiological saline
alone (1.5 ml Freund's complete adjuvant and equal amount of phos¬
phate-buffered saline). Both the experimentals and the control
were bled from the marginal ear vein with a 20 gauge needle. The
blood was allowed to clot, placed in the refrigerator overnight,
ringed and centrifuged. The sera from the antigen-injected rab¬
bits and the control were placed in vials and stored at -20^0 with¬
out preservatives until ready for use. Before use, all sera were
inactivated in a water bath at 56°C for 30 minutes. Several sero¬
logical tests were performed on the sera to determine the presence
or absence of antibodies.
Microprecipitin ring tests were performed by overlaying 0.02
ml of sera with 0.02 ml of antigen. The antigen was a phosphate-
buffered saline (PBS) extract of lyophilized Cysticercus fasciolaris.
Controls consisted of normal rabbit serum and the antigen, immune
serum and PBS, and the antigen and PBS.
The agar-gel precipitin test of Ouchterlony (1953), the Immuno¬
electrophoresis (lEP) mlcroslide technique of William and Grabar
(1955), and the indirect hemagglutination antibody (IHA) test as
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outlined by Boyden (1951) and Stavltsky (1954) were also employed
as screening tests in order to determine the presence or absence
of antibodies. The antigen used for these tests was prepared ac¬
cording to the methods of Chaffee, Bauman, and Shapilo (1954) with
a slight modification. The antigen was extracted in cold anhydrous
ether to ensure the elimination of lipids and other substances.
It was then suspended in PBS, ph 7.6, and homogenized. Controls
for the agar-gel precipitin tests and the lEP consisted of normal
rabbit serum and the antigen, immune serum and phosphate-buffered
saline (PBS), and the antigen and PBS. For the IHA tests, diluent
and serum controls were performed.
Purification of the antisera was carried out by fractionation
with 70% saturated ammonium sulfate solution. The antisera were
dialyzed in frequent changes of PBS. Complete removal of the ammo¬
nium sulfate from the antisera was ascertained by testing the dial-
ysate with saturated barium chloride (BaCl2) solution. Agar double
diffusion tests were also performed on these fractionated antisera.
For the indirect fluorescent antibody (IFA) technique, cryostat-
frozen sections of Cystlcercus fasciolarls measuring 3 microns thick
were prepared on an Ames II cryostat and placed on fluorescent anti¬
body slides and stored at -20°C until ready for use. The conjugate
for this test consisted of fluorescein-labeled goat anti-rabbit IgG
obtained from Cappel Laboratories, Dowingtown, Pa. Prior to the
test, the conjugate was assayed in agar-gel diffusion against the
antisera produced in the rabbit against Cystlcercus fasciolarls.
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The staining procedure with a dilution of the conjugate was essen¬
tially that described by Sadun, Anderson, and Williams (1960).
Contois consisted of staining with normal rabbit serum and the con¬
jugate, and Evans blue and the conjugate. A saline control was also
done. The results for this test were evaluated on a Leitz Laborlux
microscope fitted with HBO 50 mercury burner and equipped with a
Ploem illuminator.
For the horseradish peroxidase (HRP) technique, cryostat - frozen
sections of the parasite, 6 microns in thickness, were fixed in cold
acetone for 10 minutes. The sections were air dried and flooded with
antisera which were doubly diluted to a final dilution of 1:1024.
The slides were Incubated in a moist chamber at 37°C for 30 minutes
and then washed with phosphate-buffered saline (PBS), pH 7.6, for 15
minutes on a shaker. The preparations were left to dry at room
temperature. Each tissue section was covered with a 1:5 dilution of
horseradish peroxidase-labeled anti-rabbit IgG obtained from Bioware,
Inc., Wichita, Kansas. The slides were again incubated at 37°C for
30 minutes, washed in PBS, and air dried. Staining for peroxidase
activity was done by submerging the slides in freshly prepared dia-
minobenzidine (DAB) (sigma Chemical Co., St. Louis, Mo.) for 5-10
minutes at room temperature. The IgG peroxidase conjugate was also
assayed by agar double diffusion test using the antisera produced in
the rabbits, against the parasite.
The substrate solution was prepared as follows: a saturated
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solution (20-30 mg/100 ml) of 3,3-diaminobenzidine tetrahydrochlor-
ide was added to 60 ml of 0.05 M Tris buffer, pH 7.6, and 0.2 ml
of 0.005% hydrogen peroxide. The slides were briefly washed in
three changes of PBS, and a drop of 2% osmium tetroxide solution
was added to the tissue section and allowed to fix at room temper¬
ature for 5 minutes. The slides were again washed in PBS, dehy¬
drated in graded series of alcohols, cleared in xylol, and mount¬
ed with Canada balsam. Controls consisted of incubating the anti¬
gen slides with normal rabbit serum and the HRP conjugate, and PBS
and the HRP conjugate. These slides were examined with a Leitz
microscope equipped with a conventional light source.
CHAPTER IV
EXPERIMENTAL RESULTS
The sera from antigen-injected rabbits were positive for anti¬
bodies against Cysticercus fasciolaris as evidenced by positive
microprecipitin, agar-gel diffusion, immunoelectrophoresis, and in¬
direct hemagglutination antibody tests. Of all the screening tests
performed, the indirect hemagglutination antibody test appeared to
have been the most sensitive. When the antigen was diluted and the
antisera undiluted, the lowest and highest antibody titers were 1:8
and 1:64 respectively. These tests were always negative with the
serum which was collected from the control rabbit and with the PBS
controls.
In the agar-gel diffusion tests, a positive reaction was ob¬
served as the formation of three precipitin bands occurred with the
undiluted antisera in four peripheral wells and diluted antigen in
the center well (Fig. 1). A band of identity appeared between the
antigen and the antiserum. The second and third bands occurred
near the antisera. These bands seem to overlap but are apparently
divided on one or both ends. When the antisera were placed in
eight peripheral wells and diluted antigen in the center well, two
continuous bands were observed. The inner band appeared as a strong
20
Fig. 1. Agar-gel diffusion reaction of Cysticercus fasciolaris
antigen (ag) and the immune serum (ab). Note the band
of identity in the center. Two additional bands appear
to overlap.
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Fig. 2. An agar-gel precipitin slide showing the multiple bands
of reaction between Cysticcrcus fasiolaris antigen (ag)
and the antiserum (ah) in the peripheral wells.
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precipitate, whereas the outer band was relatively weak (Fig. 2.)
To further examine the activity of Cysticercus fasciolaris
in gel, the Immunoelectrophoresis test was done. Three visible arcs
were observed between C. fasciolaris antiserum in the trough and
the antigen in the center well (Fig. 3.) One of the arcs appeared
near the original zone of application of the antigen. The second
arc migrated in the direction of the anode, while the third arc
migrated in the opposite direction (cathode). Further study on
the antiserum was done by fractionation. As the fractionated anti¬
sera were placed in eight peripheral wells and the antigen in the
center well, one precipitin ring appeared (Fig. 4). The band was
fairly strong. Similar results were also obtained when the frac¬
tionated antisera of C. fasciolaris were placed in three peripheral
wells and the antigen put in the middle well (Fig. 5). The obser¬
vation of one precipitin band with the fractionated immune serum
was always ascertained while the controls were consistently nega¬
tive.
When agar-gel diffusion tests were assayed using goat fluor¬
escein-labeled anti-rabbit IgG and the antisera produced in the
rabbits against the parasite, a single band was observed after 24
hours of incubation (Fig. 6). Similar results were obtained with
goat horseradish peroxidase-labeled anti-rabbit IgG.
In the IFA technique, bright fluorescence was observed in
antisera which were serially diluted up to 1:64. Weak fluorescence
Fig. 3. Immunoelectrophoresis of Cystlcercus fnslolaris anti¬
gen (CFag) with antiserum.
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Fig. 4. Reaction of Cysticercus fasciolaris antigen (ag) in the
center well with the fractionated antiserum (ab) in the
circumpherential wells.
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Fig. 5. Reaction of Cysticercus fasciolaris a.ntigen (ag) and
fractionated antiserum (ab). A single band is produced




Fig. 6. An agar-gel precipitin slide showing goat fluorescein-
labeled anti-rabbit IgG (f) and the antiserum pro¬
duced in the rabbit against Cysticercus fasciolaris (P).
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appeared with a 1:128 dilution, after which fluorescence abruptly
disappeared. In all the positive slides, there was a high degree
of staining intensity within the tegument and tegumental struc¬
tures of the parasite. Most of the internal structures showed a
bright yellow fluorescence, whereas green fluorescence was mostly
concentrated around the external structures (Fig. 7). The nega¬
tive controls appeared red with no fluorescence at all (Fig. 8).
The HRP staining pattern was similar to that obtained with
the IFA. The tegumental regions and a few internal structures
stained a distinct dark brown while most of the internal struc¬
tures stained brown or light brown (Fig. 9). A higher sensitivi¬
ty was observed with the HRP than with the IFA technique since a
positive reaction was obtained with antisera which were diluted
to 1:256. Weak staining reaction was observed in some instances
in which the antisera were diluted to 1:512. In the controls,
those tissues which were incubated with normal rabbit sera and
with PBS were totally unstained (Fig. 10).
Fig. 7 Indirect fluorescent antibody (IFA) reaction with a
1:64 dilution of the antiserum. (X 270)
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Fig. 8. Indirect fluorescent antibody (IFA) test with negative
control serum. (X 275)
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Fig. 9 Horseradish peroxidase reaction with a 1:256 dilution
of the ar.Mserum. (X 260)
31





Serological and immunohistochemlcal studies were carried out on
Cysticercus fasciolaris. Serological studies were made using the micro¬
precipitin, agar-gel precipitin, immunoelectrophoresis, and indirect
hemagglutination tests. The indirect hemagglutination test was found
to be the most sensitive. This was followed by the agar-gel precipitin
test while the microprecipitin test was found to be the least sensitive.
The presence of three detectable bands in the agar-gel precipitin
test may suggest that at least three reactant products were present in
the antigen-antibody system. Oudin (1952), suggested that three pre¬
cipitin bands were always formed in a system containing three reactant
components. In agar-gel system involving helminth antigens, Kagan and
Bargal (1956) reported that one to several bands are not uncommon. The
appearance of three different arcs in the immunoelectrophoresis test
may be comparable to the precipitin bands in agar-gel tests. After
fractionation of the antisera only one band was observed, which suggest¬
ed that some of the reactants may have been eliminated.
The results of the IFA and HRP techniques indicate that there is
a certain degree of similarity obtained in both tests with frozen
sections of Cysticercus fasciolaris. In the IFA technique, fluores¬
cence decreased with increasing serum dilutions, while the results
of the controls were negative. The highest titer in which there
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was detectable fluorescence was 1:64, after which green fluorescence
was greatly reduced. The titer of 1:128 produced a yellow fluores¬
cence. As the titer was increased to 1:256, fluorescence was com¬
pletely eliminated. A high degree of fluorescence was obtained with¬
in the tegument and external regions of the worm, thus probably sug¬
gesting that this is the principal area of antigenicity. Coleman
(1962) made similar observations on fluorescent antibody-binding
sites of whole worms of Hymenolepis nana. Duwe (1967) also observed
fluorescent localization in the tegument of the scolex of mature
proglottids of Moniezia expansa. Intensity of fluorescence in tegu¬
mental and cuticular regions has also been reported for other hel¬
minths. Lichtenberg (1964) reported strong fluorescence in the tegu¬
ment of schistosome worms. Sulzer (1965) suggested that the sites
for specific reactions with antibody in the IFA test with Trichinella
spiralis was a component part of the cuticle. Lucasse (1962) report¬
ed that the cuticle was the principal area of fluorescence in oncho¬
cerca; and Crandall, Echevaria, and Arean (1963) also demonstrated
that the antigenic sites of Ascaris larvae were located in the cuti¬
cular regions.
In the HRP technique, the tegument and tegumental regions also
appeared to have been the principal sites of antigenicity, hence,
the antibody-binding sites which stained a deep brown color. Kemp,
Damian, and Greene (1976) reported similar pronounced positive re¬
actions of horseradish peroxidase-labeled antibody over all tegumental
surfaces of Schistosoma mansoni. As with the IFA technique, the
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staining intensity decreased with increasing serum dilutions. The
controls were completely unstained, thereby indicating specificity
of the reactions. This technique, however, appeared to be more
sensitive than the IFA in that the tissues stained at higher titers.
Deelder and Streefkerk (1975) reported higher titers and more sensi¬
tivity in the immunohlstoperoxldase reactions in which agarose beads
had been coupled to Schistosoma mansoni antigen and incubated in
specific antisera. The HRP reactions herein reported correspond to
those observations in this respect.
Some of the advantages of the horseradish peroxidase procedure
over immunofluorescence as reported by Johnson, Webb, and Smith (1971)
became apparent as this system was applied to Cysticercus fasciolaris
antigens. These are that the preparations can be permanently mounted;
a light microscope can be used; preparations can be easily photographed;
and that the reacting products do not bleach during microscopy. In
the present study, some disadvantages were that the staining process
was more tedious and time consuming and that the substrate (DAB) and
osium tetroxide tended to darken tissue sections when they were over¬
exposed to either of these chemicals.
As a result of the present report, it is proposed that the HRP
technique may prove fruitful as a serological test of value in the
diagnosis of cystlcercosis and other parasitic Infections of man and
domestic animals. It also seems likely that this test may be useful
in field studies, research products, and research laboratories where
a fluorescent microscope is unavailable.
CHAPTER VI
SUMMARY
Antibodies were produced in rabbits which were injected with
whole worm antigen of Cysticercus fasciolaris. The presence of
these antibodies was detected with the following screening tests:
microprecipitin, agar-gel diffusion, immunoelectrophoresis, and
the indirect hemagglutination antibody test.
Immunohistochemical studies were conducted on cryostat frozen
sections of the parasite using the indirect fluorescent antibody
technique (IFA) and the horseradish peroxidase (HRP) method. A com¬
parison was made on the pattern and intensity of staining obtained
with the IFA technique and the HRP method.
It was observed that the HRP technique produced specific posi¬
tive reactions at a higher titer than the IFA technique. The HRP
technique was advantageous in that it was readily evaluated with a
conventional microscope. In light of the present study the HRP
method could provide a useful alternative to the IFA test in
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